
 

Clinical and Experimental Immunology

 

© 2006 British Society for Immunology, 

 

Clinical and Experimental Immunology

 

, 

 

144:

 

 35–40

 

35

 

doi:10.1111/j.1365-2249.2006.03028.x

 
 et al.

 

Accepted for publication 16 December 2005

Correspondence: Dr Kazuhisa Yamazaki, Labora-

tory of Periodontology and Immunology, 

Department of Oral Health and Welfare, Niigata 

University Faculty of Dentistry, 5274 Gakkocho 

2-ban-cho, Niigata 951–8514, Japan.

E-mail: kaz@dent.niigata-u.ac.jp

 

OR IG INAL  ART I C L E

 

Balance of inflammatory response in stable gingivitis and progressive 
periodontitis lesions

 

T. Honda, H. Domon, T. Okui, 
K. Kajita, R. Amanuma and 
K. Yamazaki

 

Laboratory of Periodontology and Immunology, 

Department of Oral Health and Welfare, Niigata 

University Faculty of Dentistry, Niigata, Japan.

 

Summary

 

The balance between inflammatory mediators and their counter-regulatory
molecules may be crucial for determining the outcome of immune pathology
of periodontal diseases. Based on clinical and immunological findings, the
immune response in stable gingivitis lesion is supposed to be in balance,
whereas the response is skewed towards the predominance of proinflamma-
tory reactivity in progressive periodontitis lesion. However, this hypothesis
has not been verified. Therefore, the aim of this study was to compare the gene
expression profile of inflammatory mediators including proinflammatory
cytokines and other inflammatory molecules, and anti-inflammatory cytok-
ines by using quantitative real-time polymerase chain reaction in gingivitis
and periodontitis lesions showing distinct clinical entities. For inflammatory
mediators, interleukin (IL)-1ββββ

 

, interferon (IFN)-γγγγ

 

 and receptor activator of
nuclear factor (NF)-κκκκ

 

B ligand tended to be higher in periodontitis, whereas
tumour necrosis factor (TNF)-αααα

 

 and IL-12 p40 showed no difference.
Heat-shock protein 60 (HSP60) expression was up-regulated significantly in
periodontitis. For anti-inflammatory cytokines, transforming growth factor
(TGF)-ββββ

 

1 expression tended to be higher in periodontitis compared with gin-
givitis, whereas no difference was observed for IL-10 and IL-4. These findings
support further our previous finding that autoimmune response to HSP60
may exert in periodontitis lesion, and suggest that perhaps subtle differences
in the balance of cytokines may result in different disease expression.
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Introduction

 

Chronic inflammatory periodontal disease manifests clini-
cally as at least two distinct entities. Evidence based on
microbiological, immunological and animal model studies
has shown that some forms of periodontal disease in adults
can remain stable throughout many years and not endanger
the life of the dentition (gingivitis), whereas other forms,
despite extensive treatment, continue to break down, leading
ultimately to tooth loss (periodontitis) [1]. Although peri-
odontal bacteria are the causative agents in periodontitis,
subsequent progression and disease severity are thought to
be determined by the host immune response [2].

Periodontopathic bacteria stimulate cells comprising peri-
odontal tissue to express various inflammatory mediators
such as interleukin (IL)-1, tumour necrosis factor (TNF)-

 

α

 

or receptor activator of nuclear factor 

 

κ

 

B ligand (RANKL)

[3]. In addition to the bacterial products, the expression of
endogenous heat-shock protein 60 (HSP60) is up-regulated
in periodontitis lesions. Our previous studies demonstrated
clearly that both cellular and humoral immune responses to
HSP60 are elevated in periodontitis patients [4,5]. Also,
interferon (IFN)-

 

γ

 

 production by reactive T cells and TNF-

 

α

 

production by macrophages were enhanced by HSP60 stim-
ulation [6]. Subsequently, these mediators may activate the
production of matrix metalloproteinases and prostaglandin
E

 

2

 

 and differentiation of osteoclasts, resulting in connective
tissue destruction and alveolar bone resorption [7]. IL-1

 

β

 

and TNF-

 

α

 

 production in macrophages will be up-regulated
further by IFN-

 

γ

 

 derived from activated type 1 helper T cells
(Th1) and IFN-

 

γ

 

 production can be modulated by IL-12
from antigen-presenting cells [8].

On the other hand, tissue destruction could be protected
by suppressing the activity of proinflammatory cytokines by
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anti-inflammatory cytokines such as IL-4, IL-10 and trans-
forming growth factor (TGF)-

 

β

 

1. IL-4 and IL-10 can be pro-
duced by Th2 effector T cells and TGF-

 

β

 

1 is produced by
Th3 [9].

Thus, it is hypothesized that the balance between inflam-
matory mediators and their counter-regulatory molecules
may be balanced in gingivitis lesions, whereas proinflamma-
tory reactivity may be predominant in periodontitis lesions.
However, few reports have examined the balance between
pro- and anti-inflammatory activities in the lesions by
measuring mRNA expression using a highly quantitative
method.

In the present study, therefore, mRNA expression of the
molecules which appear to be involved in the pathogenesis of
periodontal diseases was analysed comprehensively by quan-
titative real-time reverse transcription–polymerase chain
reaction (RT-PCR).

 

Materials and methods

 

Patients and biopsies

 

Twenty-five patients with moderate to advanced chronic
periodontitis, referred to the Periodontal Clinic of Niigata
University Medical and Dental Hospital, took part in this
study. Gingival biopsies were obtained at the time of peri-
odontal surgery or extraction of severely involved teeth. As
controls, 23 gingivitis tissues showing no supporting tissue
destruction were also obtained from sites requiring extrac-
tion for reasons other than periodontitis, such as orthodon-
tic treatment or pericoronitis. The modified diagnostic
criteria of Kornman 

 

et al

 

. [10] for periodontitis and gingivi-
tis were used; periodontitis: subjects having at least one
interproximal site with 

 

≥

 

 50% bone loss and total mean bone
loss of 

 

≥

 

 16%; gingivitis: subjects having no probing pocket
depth, no sites with bone loss 

 

>

 

 10% and clinical signs of
inflammation. Healthy control specimens were not included
in this study because a number of studies demonstrated that
histological inflammation was present not only prior to the
accumulation of plaque resulting overt clinical signs of

inflammation, but was often of quite significant extent
[11,12]. The clinical status of the biopsy sites is shown in
Table 1. The experimental protocol was approved by the
Institutional Review Board of Niigata University and
informed consent was obtained from all patients prior to
inclusion in this study.

 

RNA isolation and real-time quantitative PCR

 

Total RNA was isolated from gingival tissues using Trizol
(Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer’s instructions and treated with RNase-free DNase I
(Invitrogen). The RNA was then reverse-transcribed to
cDNA using random primers (Takara Shuzo Co. Ltd, Shiga,
Japan) and M-MLV reverse transcriptase (Invitrogen). For
real-time PCR, primers and probes were all purchased from
Applied Biosystems (Foster City, CA, USA). Reactions were
conducted in a 25 

 

µ

 

l reaction mixture on the ABI Prism
7900HT sequence detection system (Applied Biosystems)
using 

 

Taq

 

Man gene expression assays (Applied Biosystems)
and incubated for 10 min at 95

 

°

 

C, followed by 40 cycles of a
two-step amplification procedure composed of annealing/
extension at 60

 

°

 

C for 1 min and denaturation for 15 s at
95

 

°

 

C. The ABI Prism 

 

sds

 

 version 2·0 software (Applied Bio-
systems) was used to analyse the standards and to carry out
the quantifications. The relative quantity of each mRNA was
normalized to the relative quantity of glyceraldehyde-3-
phosphate-dehydrogenase (GAPDH) mRNA.

 

Statistical analysis

 

The difference of clinical parameters between the two groups
was compared by unpaired 

 

t

 

-test. The expression levels of
cytokine, RANKL and HSP60 between gingivitis and peri-
odontitis were compared by means of the Mann–Whitney 

 

U

 

-
test using StatView® for Windows software (version 5, SAS
Institute Inc., Cary, NC, USA). Bonferroni’s correction was
applied to adjust the alpha level for the Mann–Whitney 

 

U

 

-
test, as multiple comparisons were made (with tests run for
nine molecules, the alpha level was lowered to 0·005).

 

Results

 

Gene expression of proinflammatory cytokines

 

The mRNA expression levels of cytokines, RANKL and
HSP60 are shown on the basis of disease status in Table 2.
The mean ranks for IL-1

 

β

 

 and IFN-

 

γ

 

 tended to be higher in
the periodontitis group compared with the gingivitis group
(Mann–Whitney 

 

U

 

-test, 

 

P

 

 

 

=

 

 0·046 and 

 

P

 

 

 

=

 

 0·028 for IL-1

 

β

 

and IFN-

 

γ

 

, respectively). The median values for the relative
amounts of IL-1

 

β

 

 and IFN-

 

γ

 

 expression were 10·224 and
0·116 in the periodontitis group and 5·615 and 0·072 in the
gingivitis group, respectively. No significant differences were
seen in the mRNA levels of TNF-

 

α

 

 (

 

P

 

 

 

=

 

 0·516) and IL-12 p40

 

Table 1.

 

Clinical profile of gingival biopsy sites.

Periodontitis

(

 

n

 

 

 

=

 

 25)

Gingivitis

(

 

n

 

 

 

=

 

 23)

 

P

 

-value

Age 53·6 

 

± 

 

9·5 28·4 

 

± 

 

5·2

 

<

 

 0·0001

Male/female 14/11 12/11

Smokers/non-smokers 5/20 4/19

Gingival index 1·08 

 

± 

 

0·76 0·30 

 

± 

 

0·47 0·0001

Probing depth (mm) 7·56 

 

± 

 

2·48 2·26 

 

± 

 

0·54

 

<

 

 0·0001

Loss of attachment (mm) 8·56 

 

± 

 

2·74 2·43 

 

± 

 

0·51

 

<

 

 0·0001

Tooth mobility 1·24 

 

± 

 

1·05 0·00 

 

± 

 

0·00

 

<

 

 0·0001

Bleeding on probing (%site) 72·0 17·0

Bone loss (%) 69·80 

 

± 

 

24·64 1·09 

 

± 

 

2·59

 

<

 

 0·0001

Data are expressed as mean 

 

±

 

 s.d. The data were compared by

unpaired 

 

t

 

-test.
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(

 

P

 

 

 

=

 

 0·734), although median values of these cytokines were
slightly higher in the periodontitis group compared with the
gingivitis group (Fig. 1a).

 

Gene expression of RANKL and HSP60

 

The expression of RANKL, another important molecule
involved in the periodontal tissue destruction, was not as
high compared with other proinflammatory cytokines, but
was substantial. The median value for the relative amounts
of RANKL expression was 0·072 in the periodontitis group
and 0·044 in the gingivitis group, respectively. The mean
ranks for RANKL were higher in the periodontitis group
compared with the gingivitis group, although they did
not reach statistical significance (Mann–Whitney 

 

U

 

-test,

 

P

 

 

 

=

 

 0·017). Relative expression of HSP60 was even higher
than that of IL-1

 

β

 

 and the median values of HSP60 mRNA
expressions in the periodontitis and gingivitis groups were
13·257 and 7·459, respectively. The expression of HSP60 in
periodontitis was significantly higher compared with gingi-
vitis (Mann–Whitney 

 

U

 

-test, 

 

P

 

 

 

=

 

 0·003; Fig. 1b).

 

Gene expression of anti-inflammatory cytokines

 

For immunosuppressive cytokines, the mean ranks of the
expression levels of TGF-

 

β

 

1 and IL-10 was higher in peri-
odontitis compared with gingivitis. The median values for
the relative amounts of TGF-

 

β

 

1 and IL-10 expression were
51·848 and 0·422 in the periodontitis group and 38·556 and
0·282 in the gingivitis group, respectively. However, the
difference in expression levels of these cytokines was not
statistically significant between periodontitis and gingivitis
despite the expression of TGF-

 

β

 

1 tending to be higher in
periodontitis (Mann–Whitney 

 

U

 

-test, 

 

P

 

 

 

=

 

 0·009). The mean
ranks of IL-4 mRNA expression showed no difference
between the periodontitis group and the gingivitis group.
Although the median value of IL-4 expression in periodon-
titis was slightly higher compared with gingivitis, overall
expression levels were much lower than the other cytokines
(0·006 for periodontitis and 0·004 for gingivitis) (Fig. 2). The

number of samples demonstrated that no transcript for IL-4
was higher than that of other cytokines in periodontitis
(seven of 25) compared with gingivitis (four of 23).

 

Discussion

 

The role of proinflammatory cytokines in the periodontal
tissue destruction is well documented in the animal model

 

Table 2.

 

Mean ranks of mRNA expressions in periodontitis group and 

gingivitis group.

Periodontitis Gingivitis

 

P

 

-value

IL-1

 

β

 

28·36 20·30 0·046

IFN-

 

γ

 

28·76 19·87 0·028

TNF-

 

α

 

25·76 23·13 0·516

IL-12 p40 23·84 25·22 0·734

RANKL 29·12 19·48 0·017

HSP60 30·36 18·13 0·003

TGF-

 

β

 

1 29·56 19·00 0·009

IL-10 27·64 21·09 0·105

IL-4 24·54 24·46 0·984

The mean ranks were compared using the Mann–Whitney 

 

U

 

-test.

 

Fig. 1.

 

Comparison of the relative gene expressions of proinflammatory 

cytokines (a) and receptor activator of nuclear factor 

 

κ

 

B ligand 

(RANKL) and heat-shock protein 60 (HSP60) (b) between periodontitis 

(

 

n

 

 

 

=

 

 25) and gingivitis lesions (

 

n

 

 

 

=

 

 23). The relative quantity of mRNA 

was normalized to the relative quantity of glyceraldehyde-3-phosphate-

dehydrogenase (GAPDH). The box plots show medians, 25th and 75th 

percentiles as boxes, 10th and 90th percentiles as whiskers. Outside 

values are shown as open circles.
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[13]. However, cellular responses to the proinflammatory
cytokines are regulated negatively by anti-inflammatory
cytokines and the balance between these two categories of
cytokine could be important in the outcome of inflamma-
tory response. Our initial hypothesis was that the activity of
proinflammatory cytokines may be suppressed effectively by
anti-inflammatory cytokines in stable gingivitis lesions,
whereas this may not be the case in progressive periodontitis.
However, overall differences of the expressions for pro- and
anti-inflammatory cytokines between gingivitis and peri-
odontitis were unexpectedly small, except for RANKL and
HSP60.

One of the factors which may affect interpretation of the
results is the age of the study population. The systemic
immune response is affected by age and the outcome of
infection in old age may be more severe than in younger sub-
jects, and this may be related to dysregulation of the immune
system in the elderly. Whereas gingivitis is found preferen-
tially in younger populations, the prevalence of periodontitis
is high in elderly populations. In the present study, the mean
ages of gingivitis and periodontitis patients were 28·4 and
53·6, respectively; this difference is likely to affect the inter-
pretation of the results. However, studies examining alter-
ations in proinflammatory cytokine production with age are

contradictory [14–16]. Further, the differences were found
in different cytokines with respect to each report. Therefore,
although it is possible that gene expression of some cytokines
might be influenced by the age difference, it may not be
definitive. In support of this, experimental gingivitis study
has shown only minor differences between young and old
individuals in the inflammatory cell composition [17].
Taken together, the effect of age difference between the two
groups in this study on interpretation of the results could be
minimal.

Although the levels of IL-1

 

β

 

 tended to be higher in peri-
odontitis compared with gingivitis, the expression level in
gingivitis was also high compared with other cytokines. On
the other hand, the level of TNF-

 

α

 

 expression was low
compared with that of IL-1

 

β

 

 and showed no difference
between periodontitis and gingivitis. These findings
obtained by using highly quantitative real-time RT-PCR are
not consistent with previous reports. Roberts 

 

et al

 

. [18]
found that while the level of TNF-

 

α

 

 mRNA was significantly
higher in diseased tissues than in healthy tissues, there was
no difference for IL-1

 

β

 

 mRNA, although the median level
in the diseased tissue was higher than the healthy tissues.
Bickel et al. [19] have also shown that the expression level of
IL-1β mRNA was high in the healthy sites as well as the
progressive lesions of periodontitis patients. Although the
expression pattern of proinflammatory cytokines is variable
in different reports, they are expressed in either clinically
healthy or diseased gingival tissues. These findings, together
with our results, indicate clearly that IL-1β and other
proinflammatory cytokines play roles not only in periodon-
titis lesions but also in gingivitis lesions, but the roles may be
different. It is assumed that IL-1β and TNF-α may up-
regulate normal tissue turnover, but not induce tissue
destruction in gingivitis lesions. In fact, IL-1β is reported to
stimulate collagen synthesis in cultured fibroblasts and
matrix metalloproteinases at the same time [20]. However,
exact roles of proinflammatory cytokines in healthy sites and
gingivitis lesions remain to be elucidated.

The role of IFN-γ in periodontal tissue destruction has
been controversial. This cytokine is produced by Th1 cells
and induces IL-1β, TNF-α and prostaglandin E2 (PGE2) pro-
duction by macrophage, indicating that it is primarily proin-
flammatory in nature. In contrast, it has been shown that
IFN-γ inhibits osteoclastogenesis by interfering with the
RANKL–RANK signalling pathway [21]. Consequently, IFN-
γ is concluded to have a bilateral character, both destructive
and protective. Eversole and Taubman [22] found that the
IFN-γ message was expressed prominently by diseased gin-
gival tissue cells. Further, significantly higher proportions of
gingival mononuclear cells from periodontitis patients
expressed IFN-γ mRNA than did those from healthy sub-
jects. In the present study, however, the expression level of
IFN-γ mRNA was much lower than that of IL-1β and TNF-
α and even lower than that of IL-12 p40. This is consistent
with the results by Roberts et al. [23] and Bickel et al. [19],

Fig. 2. Comparison of the relative gene expressions of anti-inflamma-

tory cytokines between periodontitis (n = 25) and gingivitis lesions 

(n = 23). The relative quantity of mRNA was normalized to the relative 

quantity of glyceraldehyde-3-phosphate-dehydrogenase (GAPDH). The 

box plots show medians, 25th and 75th percentiles as boxes, 10th and 

90th percentiles as whiskers. Outside values are shown as open circles.

−0·01
0

0·01
0·02
0·03
0·04
0·05
0·06
0·07
0·08
0·09

Gingivitis
Periodontitis

R
el

at
iv

e 
ex

pr
es

si
on

 to
 G

A
P

D
H

Gingivitis
Periodontitis

Gingivitis
Periodontitis

R
el

at
iv

e 
ex

pr
es

si
on

 to
 G

A
P

D
H

R
el

at
iv

e 
ex

pr
es

si
on

 to
 G

A
P

D
H

TGF-β1 IL-10

IL-4

−100
0

100

200

300

400

500

600

700

−2

0

2

4

6

8

10



Gene expression profile in periodontitis

© 2006 British Society for Immunology, Clinical and Experimental Immunology, 144: 35–40 39

and confirmed our previous result [24]. The role of Th1 cells
on bone resorption has to be considered in conjunction with
the expression of RANKL, as discussed below. Teng et al. [25]
demonstrated clearly a positive co-expression relationship
and interactions between IFN-γ and RANKL-mediated
osteoclastogenesis in a mouse periodontitis model. Kotake
et al. [26] found recently that IFN-γ+ human T cells induced
osteoclast formation via the expression of RANKL. They
speculated that individual effects of RANKL exceeded the
inhibitory effects of IFN-γ. These findings suggest that the
balance between IFN-γ and RANKL expressions may be crit-
ical in the activity of Th1 cells for osteoclastogenesis. Further,
the number, but not the proportion of T cells in the infiltrate
seems to be higher in periodontitis lesions compared with
gingivitis lesions. The difference in the expression of T cell
cytokines could be reflected by the size of inflammatory
infiltrates.

RANKL expression also tended to be higher in periodon-
titis compared with gingivitis. In addition to osteoblast and
stromal cells [27,28], both soluble and membrane-bound
RANKLs could also be produced by activated CD4+ and
CD8+ T cells [29]. We have shown recently that T cell clones
established from gingival tissues expressed RANKL mRNA
[30]. Therefore, the difference in the RANKL expression
could be due to the difference in the activation stages or sub-
sets of infiltrating T cells in the lesions.

HSP60, a potent proinflammatory protein, was expressed
significantly higher in periodontitis compared with gingivi-
tis. Previous reports, including ours, have demonstrated that
human HSP60 has been shown to have a strong capability of
stimulating proinflammatory reactivity in human cells of the
innate immune system, such as macrophages [6,31]. In addi-
tion, it has been shown that the presence of a functionally
active TLR4 molecule which is also expressed in periodonti-
tis lesions [32] is essential for the inflammatory signalling of
HSP60 [33]. Therefore, the role of HSP60 in the inflamma-
tory process of periodontitis lesions may be more important
than thought previously.

The expression of TGF-β1, which can be produced by a
variety of cells including T cells and macrophages, was the
most prominent in the present study. TGF-β1 has been
shown to have both pro- and anti-inflammatory effects and
plays an important regulating role in the inflammatory
process [34]. However, how these contradictory effects are
related to two distinct entities, namely, gingivitis and peri-
odontitis, has yet to be determined. Considering that gingi-
vitis and periodontitis lesions are stable and progressive,
respectively, the primary role of TGF-β1, at least in gingivitis
lesions, might be anti-inflammatory. On the other hand,
concomitant elevation of various types of regulatory T cells
and TGF-β1 was found in periodontitis lesions [35]. There-
fore, in periodontitis lesions, on one hand inflammation
progresses and on the other hand is suppressed. This may
contribute to the occurrence of phases of active destruction
and remission [36].

The expression of IL-10 tended to be higher in periodon-
titis compared with gingivitis. Conversely, expression of IL-4
was low and did not differ between periodontitis and gingi-
vitis. IL-10 is a more potent suppressor of proinflammatory
cytokine than IL-4 in vitro [37,38]. Whereas both IL-4 and
IL-10 reduce the steady-state level of IL-1 mRNA, their
mechanisms of suppression are reported to be different.
While IL-10 inhibits IL-1 at the transcriptional level [39], IL-
4 suppresses gene expression by decreasing mRNA stability
[40]. Because we analysed proinflammatory cytokines at the
transcriptional, but not at the translational, levels the effect
of these anti-inflammatory cytokines is not obvious in peri-
odontitis and gingivitis, even though the levels of proinflam-
matory cytokines and anti-inflammatory cytokines in the
same sample tended to show reciprocal expression (data not
shown). Collectively, although the difference in expression of
each of the proinflammatory cytokines between two disease
entities is small, it may be more substantial than that of anti-
inflammatory cytokines, resulting in periodontitis lesions
being prone to tissue destruction. Elevated expression of
HSP60, and to a lesser extent RANKL, could be considered to
promote tissue destruction further.

In conclusion, transcripts of anti-inflammatory as well as
proinflammatory cytokines were elevated in gingivitis and
periodontitis lesions. Perhaps subtle differences in the bal-
ance of cytokines may result in different disease expression.
Alternatively, the importance of each cytokine or molecule in
the pathogenesis may well be variable from patient to
patient, and from time to time within the same patient.
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